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SUMMARY 

During the last three years the installed wind power 
in Greece has significantly risen from 40MW to almost 
300MW. This important wind power ascension was based 
on contemporary wind turbines of remarkable size, con-
centrated in few relatively restricted geographical areas. 
In certain areas, however, this outstanding wind power 
penetration provokes serious local population reactions, 
which, in several cases, lead even to the complete wind 
power projects cancellation by claiming important envi-
ronmental impacts. In this context, "visual intrusion" is 
found to be one of the major factors determining opposi-
tion to wind energy. In order to examine this problem, an 
extensive study is carried out concerning the visual im-
pact of the existing wind parks in Greece. For this pur-
pose, also a public opinion survey is carried out through-
out Greece, concerning the local habitants' attitude to-
wards a wind park, as far as the "visual intrusion" of ex-
isting wind turbines is concerned. The results collected 
are analyzed in view of the machines’ general acceptabil-
ity. According to the data analyzed, -sample of 417 re-
spondents in three representative Greek territories-, an 
important part of local people including wind energy 
supporters claims remarkable visual annoyance of exist-
ing wind turbines. Thus, if the target is to accelerate wind 
power penetration in the local energy market, more atten-
tion should be paid on the visual incorporation of new 
installations in the local landscape. 
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INTRODUCTION 

The sudden and significant wind power amplification 
(from 40MW to 272MW) in Greece during the years 2000 
and 2001 [1, 2] was followed by a new stagnation period of 
installations (Figure 1), hence only 5MW were added dur-
ing entire 2002. The main factors limiting the once promis-
ing wind energy penetration include absence of appropriate 

 

locations possessing suitable electrical network infrastruc-
ture [3] and serious local population reactions [4] in some 
advantageous areas like Euboea and South Peloponessos, 
which, in several cases, lead even to the complete wind 
power projects cancellation by claiming important envi-
ronmental impacts [5]. 

In view of this negative reaction, many researchers [6, 
7] believe that "visual intrusion" is one of the major fac-
tors determining opposition to wind energy, although op-
position on aesthetic grounds is characterized as subjective 
and often dismissed by public officials. In this context, 
taking seriously into account the above-mentioned remarks, 
an extensive study is conducted concerning the visual im-
pact of wind parks in Greece. 

More specifically the complete project is divided into 
two parts. In the first part -presented here- a public opinion 
survey was carried out throughout Greece, concerning the 
local habitants' attitude towards a wind park, as far as the 
"visual intrusion" of existing wind turbines is concerned. 
The results collected were analyzed in view of the ma-
chines` general acceptability degree by the local communi-
ties. Accordingly, a parallel work is under preparation in 
order to quantify the visual impact of specific wind parks 
[8-10], where the local public opinion will be investigated.  

 
 
POSITION OF THE PROBLEM 

Public concern about electricity generation technolo-
gies has been greatly increased during the last thirty years. 
Environmental groups and local authorities have often 
been in the centre of opposition to new energy projects 
based on fossil fuels or nuclear power. Wind energy, at its 
early stages of development, appeared not to face such 
difficulties, since public opinion surveys from several 
industrial countries [11-13] validated the positive public 
attitude towards wind power applications.  

On the other hand, as wind power stations have gradu-
ally amplified their size and number, the corresponding 
planning procedures have many times to deal with intense 
contradiction and debate [4]. On top of that, one should also 
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FIGURE 1 
Time evolution of Greek wind power. 

 
 
 

take seriously into consideration the increasing percentage 
of NIMBY stance [4, 14, 15]. Thus, although the public 
opinion is definitely in support of wind power, a remark-
able part of the society is opposed to wind turbines in 
their own living environs (e.g., distance less than 5 km 
from local people residence). 

In this context, one should take also into considera-
tion that small water and windmills have been in opera-
tion during the last 800 years all over Europe. Recently, 
wind turbines revived the matter of landscape aesthetics. 
They have been subjected to hard criticism because of 
their technical-industrial character and appearance, being 
also located in highly visible places in order to exploit the 
available wind potential.  

According to our opinion, the reaction to the sight of 
a wind farm is highly subjective. This attitude often has 
much more to do with feeling and knowledge than visual 
perception alone. Therefore, the existence of a wind park 
in a specific region may be judged either as a positive or 
negative addition to the landscape. 

Numerous studies [11-13, 16] in several active wind 
power markets demonstrate that people living near wind 
turbines tend to be more favorable towards them than city 
dwellers. A possible explanation to this diversification 
could be that people living in cities have a more romantic 
view of the countryside than people from rural areas, 
which have a more practical relation to nature. 

In addition to subjective allegations versus existing 
wind parks, periodic reflections (glinting) or interruption 
(shadow flicker) of sunlight from the rotor blades can be 
objectively recorded and quantified [5, 17]. In most cases 

these localized effects may be easily predicted and 
avoided by careful turbine-siting and appropriate surface 
finish of the blades [18]. 

In the present essay extensive results concerning an 
integrated study about the visual impact assessment of 
wind farms, properly adapted for Greece, were analyzed. 
Hence, in order to investigate the public attitude towards 
wind energy applications, a widespread public opinion 
survey was carried out in several Greek regions concern-
ing the visual impact of existing wind parks. According to 
the data gathered, a variety of reactions were encountered, 
including several cases with local people negative reac-
tions to wind parks. An attempt to analyze and rationalize 
all these reactions was also made. 

 
 
PREPARATION OF THE SURVEY 

In view of the negative reactions against new wind 
power installations encountered, concerning specific 
Greek communities, the Soft Energy Applications and 
Environmental Protection Laboratory of TEI Piraeus has 
undertaken (since 2000) an extensive study about the 
public acceptance of wind parks all over Greece. In this 
context, the scientific team involved has firstly scheduled 
and subsequently conducted [4, 8, 16, 19] a public survey 
in several representative Greek territories, presenting 
wind energy development interest. During the planning 
phase, emphasis is laid on the following topics: 

• The existence and the intensity of wind energy ex-
ploitation activities 
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• The degree of public knowledge about wind en-
ergy applications 

• The public awareness about the environmental and 
macro-economic impacts of wind energy; personal 
annoyance is also recorded 

• The public attitude towards wind energy applica-
tions, in view of the NIMBY syndrome 

 
Accordingly, for increased reliability and due to the 

country idiosyncrasy during the present survey the appro-
priate questionnaires were completed within the inter-
viewer's sight, while the respondents filled in their name 
and phone, for confirmation purposes. The public response 
was encouraging, since almost one out of two persons 
answered the questions eagerly. 

The last point to be arranged was the number of inter-
views needed to draw safe conclusions [20]. Due to the 
geographical diversity of the study (Figure 2) and the 
manpower needed, a sample number in the range of 100 to 

150 questionnaires was assumed to be acceptable for each 
region examined, while 50 interviews were set as the 
lower limit. 

For the preparation of the questionnaire a large number 
of scientists have collaborated including statistics experts, 
sociologists and market survey experts. The relative ques-
tions to the subject investigated are summarized in Table 1, 
along with the possible answers. As it is obvious from 
Table 1, the first two questions asked guarantee that the 
people interviewed are familiar to the subject examined. 
According to the entire sample analyzed (417 question-
naires) 94% of the people interviewed were familiar with 
the basic wind energy principles (question 1), while only 
2% was not sure about the contribution of wind parks in 
the electrification effort (question 2). Recapitulating, one 
may clearly state that the samples used have the necessary 
size to be statistically sound and credible, while the vast 
majority (≈95%) of the people questioned have quite a 
good idea about wind energy basic principles and wind 
power applications. 
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FIGURE 2 

Selected Greek regions for the public survey realization. 



© by PSP Volume 13 – No 5. 2004   Fresenius Environmental Bulletin    

416 

TABLE 1 
Demonstration of the questionnaire used in the present public opinion survey. 

Question 1 What do you know about wind energy? 
a It is obtained from the waves of the sea 
b It is used in the solar heaters 
c It is obtained from the wind 
d It is obtained from nuclear plants Po

ss
ib

le
 

A
ns

w
er

s 

e I do not know 
Question 2 The wind converters or wind turbines are usually used: 

a in producing electric energy 
b in marking regions 
c for aesthetic reasons 
d for televising purposes Po

ss
ib

le
 

A
ns

w
er

s 

e for other reasons 
Question 3 Do you actually agree with the installation of Wind Turbines in your territory? 

a YES, I do 
b NO, I don’t 
c I would agree if only I had proof of their usefulness 
d I am not interested in this matter Po

ss
ib

le
 

A
ns

w
er

s 

e I have no formed opinion 
Question 4 The wind converters or wind turbines of your territory: 

a are visually annoying 
b have no visual impact on me 
c are not aesthetically right 
d I have no opinion on their aesthetic impact Po

ss
ib

le
 

A
ns

w
er

s 

e make the area attractive 
 
 
 
 
REGISTRATION OF VISUAL IMPACT AND 
PUBLIC ATTITUDE VERSUS WIND PARKS 

After the arrangement of the necessary preconditions 
the above public survey was realized in three stages. The 
first stage was executed in two separate phases (during the 
1st and 2nd semester of 2001) and focused on the S. Euboea 

area (Figure 2). The sample of 128 interviews -taken 
during the period examined- is a representative size to 
extract statistically safe conclusions. Bear in mind that up 
to the end of 2002, in S. Euboea had been operating wind 
parks of rated power approaching the 150 MW, represent-
ing the entirety of Greek mainland wind power installa-
tions, see for example (Figures 3 and 4). 

 
 
 

 
FIGURE 3 

General view of Marmari-Euboea wind park (17 x 300 kW). 
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FIGURE 4 

General view of Polipotamos-Euboea 12 MW wind park. 

 
 
 

Acceptability of Existing Wind Turbines in S. Euboea
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FIGURE 5 

Acceptability of wind energy applications in S. Euboea (2001). 

 
 
 
 
According to the results of our survey (Table 1, ques-

tion 3), the public opinion is definitely divided (Figure 5). 
More precisely, 4 out of 10 (40%) of the respondents 
clearly disagree with the existence of the wind parks in 
their region, 22% definitely accept the wind turbines, while 
19% tolerate them under the precondition of their proved 
usefulness. 

Another interesting outcome of this two-phase public 
survey (Table 1, question 4) is the negative -by almost 
46%- visual impact of wind turbines on the examined region 
habitants, while another 16% believe that the existing ma-
chines are not in harmonization with the landscape. On the 
other hand, only 6% admit the sight of these machines, 
whereas 19% do not mention any visual intrusion (Figure 6). 
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Visual Impact of Wind Turbines (S. Euboea Survey)

Negative Opinion
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FIGURE 6 
Visual impact of wind turbines in S. Euboea. 

 
 
 
Analyzing now the attitude of the respondents, express-

ing negative opinion towards existing wind turbines, almost 
their entirety (i.e. 93%) declares visual impact of existing 
machines. What seems more perturbing is that almost 40% 
of the habitants being supportive to the wind energy applica-
tions in their region state strong (32%) or mild (8%) nega-
tive visual impact of wind turbines (Figure 7). 

One sound explanation for this unexpected result may 
be the assumption that this specific subgroup is willing to 
forgive the visual intrusion of the turbines in the landscape 
for the presumably higher goals of their operation. How-
ever, if turbines are faulty, the public may perceive a wind 
farm to be unjustified -a waste of visual resources [21]. 

Accordingly, the second stage was concentrated in 
Samos Island (Figure 2), where almost two hundred (196) 
local people have been interviewed during 2001 in two 
separate attempts. Samos is a medium-sized island in East 
Aegean Sea, possessing excellent wind potential. In this 
island, since 1991 exist two wind parks belonging to 
Greek Public Power Corporation (PPC), at Marathokam-
bos (9 x 100 kW) and Pithagorion (9 x 225kW) regions, 
see for example (Figure 8). Next to the wind park of PPC 
at Marathokambos there also exists a small private wind 
farm of 1 MW. 

 
 

Visual Acceptance of Wind Parks in S. Euboea (Only Supporters)
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FIGURE 7 
Wind turbines' visual impact in S. Euboea, supporters sample only. 
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FIGURE 8 
Marathocambos wind parks: a) PPC 9 x 100 kW; b) private (250+750) kW. 

 
 
 
 
 
 
 

Acceptability of Existing Wind Turbines in Samos

Positive under 
Conditions

14%

Not Interesting
8%

No Opinion
9%

Positive
64%

Negative
5%

 
 

FIGURE 9  
Acceptability of wind turbines in Samos Island. 
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Visual Impact of Wind Turbines (Samos Island Survey)
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FIGURE 10 

Visual impact of wind turbines in Samos Island. 

 
 
 

 
 

FIGURE 11 
General view of Andros wind park (7 x 225 kW). 

 
 
 
The general picture of the local habitants’ attitude 

towards wind turbines is completely different from that of 
S. Euboea. More specifically, 64% of respondents ex-
pressed favourable opinions about the development of wind 
power stations, while another 14% supported wind farms 
under the precondition of proper operation (Figure 9). Only 
5% of local people do not accept the operation of wind 
converters in their region.  

Even in this positively reacting society, 12% of the 
sample project mention negative visual impact of wind 
turbines, while another 9% part declares that these ma-
chines are not in harmonization with the landscape (Fig-
ure 10). On the contrary, the vast majority of the local 
people do not point out any visual intrusion, while 2 out 
of 10 advanced the opinion that wind turbines look deco-
rative. 
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Finally, the third stage of the public survey was real-
ized in three different close islands of central Aegean 
Archipelago (Figure 2), i.e. Ikaria, Andros and Kithnos. 
In all these areas possessing excellent wind potential there 
is a strong interest for new wind power applications, pos-
sibly in collaboration with energy storage systems [22] 
(wind-hydro) or desalination plants [23]. Additionally, 
small wind parks belonging to Greek Public Power Cor-
poration operate in these three regions since 1991, i.e. 8 x 
55 kW in Ikaria, 7 x 225 kW in Andros and 4 x 33 kW + 
500 kW in Kithnos, see for example (Figure 11), with 
remarkable efficiency [21]. 

In these three selected cases the total sample was al-
most one hundred (93 respondents), while the period 
examined was between June 2001 and June 2002. Ac-
cording to the data collected, an attitude similar to the 
case of Samos is also shaped for the rest of the Aegean 
Archipelago islands. More precisely, the Aegean Sea 
inhabitants are also in favour of existing wind parks (62% 
positive and 19% positive under conditions); since they 
are quite familiar with the long-term operation of wind 
turbines in their region (Figure 12). Only 6% of the re-
spondents are negatively expressed towards existing wind 
plants. 

 

 
 

Public Opinion Towards Existing Wind Parks in Aegean Sea Islands 
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FIGURE 12 

Acceptability of wind turbines in small Aegean Sea islands. 
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FIGURE 13 

Visual impact of wind turbines in small Aegean Sea islands. 
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On the other hand, there is a remarkable percentage of 
people disliking the appearance of wind turbines (16%), 
while a similar percentage supports that these machines are 
not in harmonization with landscape (Figure 13). A consid-
erable part of respondents (i.e. 29%) does not mention 
any visual impact from the existing wind parks, while 
another 26% finds the operating machines decorative. In 
an attempt to explain the remarkable negative opinion 
concerning the wind turbines’ visual impact, one should 
take into account the present status of these wind turbines, 
which operate for more than 10 years, without very care-
ful maintenance, e.g. Figure 14. 

 
 

 
 

FIGURE 14 
Old wind turbine in Kithnos. 

 
Recapitulating, according to the assessed results of 

three recent public opinion surveys, realized in three suc-
cessive phases (1st and 2nd semester of 2001 and 1st se-
mester of 2002, total sample 417 respondents), concern-
ing the visual impact of wind turbines along with the 
social attitude towards existing wind parks, the following 
conclusions may be drawn: 

a) There is a considerable diversification of the public 
attitude in S. Euboea and in Samos Island. More spe-
cifically, the vast majority of the respondents in 

Samos are in favour of the existing wind parks, while 
the public opinion in S. Euboea is equally divided in 
favour and against the existing machines. An attitude 
similar to the case of Samos is also shaped for the rest 
of the Aegean Archipelago islands, although the visual 
impact attitude is quite different. 

b) A remarkable part of the respondents declare signifi-
cant visual impact of existing wind turbines in the 
landscape, especially in S. Euboea region, where the 
wind power concentration is much more intense. 

c) Almost all individuals that do not agree with the exist-
ing wind turbines in their region dislike their appear-
ance. On top of that, a remarkable part of wind parks 
supporters claim visual impact of the wind converters. 

d) An important share of people interviewed clearly state 
that they should support wind energy applications un-
der the precondition of efficiency function. This result 
means that if turbines do not operate or are perceived 
to be broken quite often, the public is far less likely to 
tolerate their intrusion on the landscape. 
 
 
 
CONCLUSIONS 

An extensive public opinion survey was carried out 
all over Greece, in order to investigate the public attitude 
towards wind parks, while special emphasis was laid on 
the visual impact of existing wind turbines. According to 
the information analyzed, an important part of local peo-
ple (including several wind energy supporters) claimed 
significant visual impact of existing wind turbines.  

In most cases the one fourth to one half of inter-
viewed people mentioned visual annoyance due to the 
operation of wind parks in their neighbourhood. This 
attitude was supported by the insufficient maintenance of 
existing wind turbines as well as by the diffused unjusti-
fied opinion -expressed by PPC authorities- of the already 
operating wind farms financial incompetence. 

In conclusion, visual impact was found to be one of 
the most important parameters affecting the public atti-
tude towards wind power applications. Hence, if the target 
is to accelerate wind power penetration in the local energy 
market, in order to support the sustained development, 
more attention should be paid on the new installations 
visual incorporation in the local landscape. 

In the authors' opinion, the visual intrusion of existing 
or new wind parks should be properly analyzed and 
amended. In the opposite case, any additional wind en-
ergy application may confront serious contradictions, 
derived from groundless allegations of important visual 
annoyance. 

 



© by PSP Volume 13 – No 5. 2004   Fresenius Environmental Bulletin    

423 

REFERENCES 

[1] Kaldellis J.K. (2003) Investigation of Greek Wind Energy 
Market Time-Evolution. Energy Policy Journal, 32/4. 

[2] Neonakis J.K., Kavadias K. and Kaldellis J.K. (2000) Esti-
mating the Starting Point for Substantial Wind Energy Pene-
tration in the Greek Market. In: Proceedings of World Re-
newable Energy Congress VI, Brighton, UK, 2324-2327. 

[3] Kabouris J. and Perrakis K. (2000) Wind Electricity in 
Greece: Recent Developments, Problems and Prospects. Re-
newable Energy Jr, 21, 417-432. 

[4] Kaldellis J. K. (2001) The Nimby Syndrome in the Wind En-
ergy Application Sector. In: Proceedings of International 
Conference on "Ecological Protection of the Planet Earth I", 
Xanthi, Greece, Vol. II, 719-727. 

[5] Kaldellis J.K., Kavadias K.A. and Paliatsos A.G. (2003) En-
vironmental Impacts of Wind Energy Applications: Myth or 
Reality? Fresenius Environmental Bulletin, 12/4, 326-337. 

[6] Gipe P. (1995) "Wind Energy Comes of Age: Aesthetic 
Guidelines for the Wind Industry", ed. John Wiley & Sons. 

[7] Wolsink M. (1989) Attitudes and Expectancies about Wind 
Turbines and Wind Farms. Jr. of Wind Engineering, 196-206. 

[8] Kaldellis J.K. and Vlachou D. (2002) Visual Impact Assess-
ment of Wind Farms in Greece. In: Proceedings of Interna-
tional Conference, Protection and Restoration of the Envi-
ronment VI, Skiathos Island, Greece, 1803-1807. 

[9] Vlachou D., Messaritakis G. and Kaldellis J. (1999) Presenta-
tion and Energy Production Analysis of Commercial Wind 
Turbines. In: Proceedings of 1999 European Wind Energy 
Conference and Exhibition, Nice, France, 545-548. 

[10] Krause C. (2001) Our Visual Landscape: Managing the 
Landscape under Special Consideration of Visual Aspects. 
Landscape and Urban Planning Jr, 54/1-4, 239-254. 

[11] Simon A.M. (1996) "A Summary of Research Conducted 
into Attitudes to Wind Power from 1990-1996". Prepared for 
the British Wind Energy Association, http://www.bwea.com. 

[12] Krohn S. and Damborg S. (1999) On Public Attitudes To-
wards Wind Power. Renewable Energy Jr., 16/1-4, 954-960. 

[13] Walker G. (1995) Renewable Energy and the Public. Land 
Use Policy Jr., 12/1, 49-59. 

[14] Diekmann A. (1985) Volunteer's Dilemma. Journal of Con-
flict Resolution, 29, 605-610. 

[15] Wolsink M. (2000) Wind Power and the NIMBY-myth: In-
stitutional Capacity and the Limited Significance of Public 
Support. Renewable Energy Jr., 21, 49-64. 

[16] Kaldellis J.K., Vlachou D. and Kavadias K. (2001) The In-
corporation of Wind Parks in Greek Landscape. The Public 
Opinion Towards Wind Turbines. In: Proceedings of Euro-
pean Wind Energy Conference and Exhibition 2001, Copen-
hagen, 147-150. 

[17] European Commission (1999) "Wind Energy. The Facts. A 
Plan for Action in Europe", printed in Belgium by E.C. 

[18] Porteous J.D. (1996) "Environmental Aesthetics; Ideas, Poli-
tics and Planning", ed. Routledge, London & New York. 

[19] Kaldellis J.K., Keramaris K.G. and Vlachou D.S. (2002) Es-
timating the Visual Impact of Wind Parks in Greece. Paper 
GWP_078, presented at 2002 Global Windpower, Paris. 

[20] Gilbert R.O. (1987) "Statistical Methods for Environmental 
Pollution Monitoring", Van Nostrand Reinhold edition, New 
York.Lab Book. 

[21] Kaldellis J.K., Vlachou D.S. and Paliatsos A.G. (2003) 
Twelve Years Energy Production Assessment of Greek State 
Wind Parks. Wind Engineering Journal, 27/3, 215-226. 

[22] Kaldellis J.K. and Kavadias K.A. (2001) Optimal Wind-
Hydro Solution for Aegean Sea Islands Electricity Demand 
Fulfillment. Journal of Applied Energy, 70, 333-354. 

[23] Kaldellis J.K., Kavadias K. and Garofalakis J. (2000) Re-
newable Energy Solution for Clean Water Production in the 
Aegean Archipelago Islands. Paper presented in Mediterra-
nean Conference on Policies and Strategies for Desalination 
and Renewable Energies, Santorini Island, Greece. 

 

 

 

 
 
 

 

 

 

 
 

 
 

Received: June 24, 2003 
Accepted: August 28, 2003 
 
 
CORRESPONDING AUTHOR 

John K. Kaldellis  
Laboratory of Soft Energy Applications 
and Environmental Protection 
Mechanical Engineering Department 
TEI Piraeus 
Pontou 58 
Hellinico 16777 - GREECE 
 
Phone: ++30 210-5381237 
Fax: ++30 210-5381348 
e-mail: jkald@teipir.gr 
 

 FEB/ Vol 13/ No 5/ 2004 – pages  413 - 423 




